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Abstract We isolated and characterized a cDNA encoding 
testicular 1 lghydroxylase, cytochrome P450( 118) from the 
Japanese eel (AnguZa japonica) testis. The cDNA contains an 
open reading frame that encodes a protein of 511 amino acids. 
The predicted amino acid sequence shares 3848% homology 
with those of adrenal P450(118) from mammals and frog. 
Transient expression in COS 1 cells confirmed that the protein 
encoded by this cDNA had P450(11j3) activity. Northern blotting 
revealed a single 1.8 kb long transcript of P45O(llj9. This 
transcript was not found in immature eel testes prior to an 
injection with human chorionic gonadotropin (hCG), but it was 
present in eel testes after hCG injection. 
Key words: Cytochrome P450( 1 lp); cDNA cloning; 
Spermatogenesis; Japanese eel 
1. Introduction 
11 P-Hydroxylase, cytochrome P450( 11 p), is an important 
steroidogenic enzyme responsible for the biosynthesis of 
both glucocorticoids and mineralocorticoids in the vertebrate 
adrenal cortex. In addition, in fish testes P450(1 l/3) is also 
involved in the biosynthesis of 11-ketotestosterone, a potent 
androgen in fishes. 1 1-Ketotestosterone is biosynthesized from 
testosterone by the actions of two enzymes, P450(1 lb) and 
11 p-hydroxysteroid dehydrogenase (11 P-HSD). 
Recently, 11-ketotestosterone has been identified as the 
spermatogenesis-inducing hormone in the Japanese eel 
(Anguilla japonica) [l-3]. Under cultivation conditions, male 
Japanese eels have immature testes containing spermatogonia 
together with inactive testicular somatic cells such as Leydig 
and Sertoli cells. Using a recently developed organ culture 
system for eel testes, we found that the hormonal induction 
of spermatogenesis in eel testes involves gonadotropin stimu- 
lation of Leydig cells to produce 1 I-ketotestosterone. In turn, 
1 I-ketotestosterone activates Sertoli cells to stimulate premi- 
totic spermatogonia to complete spermatogenesis [4]. 
It is of considerable interest, both from the standpoint of 
investigation of gonadotropin regulation of P450( 11 p) gene 
expression and with respect to evolutionary and structural 
aspects of this enzyme, to obtain and characterize a full-length 
cDNA clone encoding eel testicular P450(1 lb). Although 
complete sequences of adrenal cortex P450(1 lp) have been 
determined in several mammalian species and frog [5-121, 
no attempts have been made to clone gonadal P450( 1 lfl) 
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cDNAs from any species. We report here the isolation, char- 
acterization and expression of a full-length cDNA encoding 
P450(1 Ifi) from a eel testicular cDNA library. 
2. Materials and methods 
2.1. Cloning and sequencing 
Based on a search of Genebank sequences, two conserved amino 
acid regions in P45O(llB) (LFELAR and NYHIPA) (Fig. 1) were 
selected and their degenerated oligonucleotides were synthesized and 
used as primers for PCR reaction. PCR reaction was carried out using 
cDNA template from testes of eels killed 9 days after a single injection 
of human chorionic gonadotropin (hCG). The predicted PCR product 
was subcloned and sequenced. A testis cDNA library made from 
Japanese eels killed 3 days after hCG was constructed in hZAP II. 
A total of 500000 phages from this library were screened using PCR 
product as probe. Subclones were prepared by in vivo excision. The 
insert cDNA was nest-deleted at both ends using ExoIIIlMung bean 
nuclease. The cDNA was sequenced using an ABI 370A DNA Se- 
quencer. 
2.2. Expression of the cDNA clone 
Eel P45O(llB) cDNA containing the entire coding region was cut by 
EcoRI and SspI, yielding a 1.6 kb fragment without poly(A). This 
fragment was inserted into the SmaI site of expression vector pSVL 
(Pharmacia LKB) to construct the recombinant expression vector 
pSVL-El lh. Plasmids pSVL-El lh or pSVL (40 pg) without an insert 
as a control were transfected into COS 1 cells according to Tanaka et 
al. [13]. Thin layer chromatography (TLC) was performed using i4C- 
labeled testosterone as a substrate according to Sakai et al. [14] except 
that the TLC plates were exposed to an imaging plate and visualized 
by a BAS 2000 image analyzer (Fuji Photo Film, Tokyo). 
Testis total RNA was extracted from Japanese eels killed on day 0 
(before hCG injection) and on days l-9 (after hCG injection). Total 
RNA (10 ug) from each day was resolved by formaldehyde denaturing 
agarose gel electrophoresis, then transferred to a nylon membrane 
(Amersham). The full-lenzth cDNA of eel testis P450(110) was excised 
from vector; labeled with-[3ZP]dCTP using a Random Extension Plus 
Kit (DuPont), and hybridized for at least 18 h at 60°C. The membrane 
was washed at 65°C then exposed to an imaging plate. The Northern 
blots were examined using a BAS 2000 image analyzer. After stripping 
the signals, the same membrane was rehybridized with a Japanese eel 
B-actin cDNA probe. 
3. Results and discussion 
Using a PCR amplified product as a probe, a testis cDNA 
library from Japanese eels killed 3 days after hCG injection 
was screened. Based on partial sequence analysis of positively 
hybridized clones, one clone named pEl1 h with an insert of 
1774 bp was fully sequenced. The results indicated that this 
1774 bp insert contains a 30 bp 5’-noncoding region, a 1533 
bp open reading frame, a 173 bp 3’-noncoding region and a 
38 residue poly(A) tail. The open reading frame begins at the 
first ATG codon of the 5’ terminus and encodes a predicted 
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zse 260 278 zllo 298 388 318 328 338 348 358 39 
~CMCG(CCTICGCCC(~~~TCC~~~~~AT~T~TCCCGGCTG~ATCATGG~CTGTTCC~~TG~GGGCT~TCCC~~TG 
FNALGPIYRQRLGSQESVNIMLPADIMELFQAEGLNPQRM 
49e SW sle 528 538 548 558 568 579 Sa6 598 m6 
TCCGCCGTCTGCtrCrrCCTCCCGCC~TG~~CGCTCG~CT~C~CCT~~~T~TGG~CGTC~~CCT~CC~G~CCC~CCCC~ 
SAVCLFLPPLDEVARDFCQVLRRRVEVEGRRSLTLDPSPD 
610 628 630 
~~CC-KCCT-CT~CT~CAT~C~~AT~C~~~GT~~CC~~~CTCC~C~CG~TCC~C~~CAT~CGGCTCT~~~~TG~~~ 
LFRFALEASCHVLYGERIGLFSPSPSLESQHFISALERML 
730 758 776 
G(CLCCACEACACCC~~CTAT~GC~C~~~T~TCTCC~~GCC~~~CTGT~AGC~GC~TGC~G~GTCATC~TCAT~~TGCCCGT~ 
ATTTPLLYLPSKLLISLHAPLRTQHATAUDVIFSHADARI 
CAMAGG&Ad&AATCT&TC GACZAGGGTC~GCCCTGACAZ 
92e 
M;WG6CmCMGG~~CT~GC~~T~~~G~~~ 
QKVYQKLQSKHRQAGSS6HSPDNQEAFSGVlGQLIEKGQL 
978 
TCmAGAGCT~T~~CUCATC~-~~~G~~~~-~e-~~~~~AGGGb 
SLELIKANITELMAGAVDTTAVPLQFALFELARNPSIQEM 
me 1228 l2Se 1266 127e I280 1360 1319 
ATCyTGTCC~CGITIcCCITC~~A~AT~~-T~~TATCCCT~C~~~T~T~~CAT~CTGT~~~AT~~C-~G~TGTC~C~~ 
ITVQRYPVRDIIIQNYHIPAGTLVQACLYPNGRSEDVFRE 
4 
1788 
& 
me 1728 1738 1748 1758 1766 177e 
6GfTATC~TYACUATUMICGTGICTGACTA~~ 
Fig. 1. Nucleotide sequence of Japanese eel P450(1 lp) and the deduced amino acid sequence. The AATAAA polyadenylation signal is under- 
lined by a solid line. The primer regions used in PCR is underlined by arrows. 
protein consisting of 511 amino acids (Fig. 1). The predicted 
amino acid sequence of eel testicular P450( 11 p) shares 3848% 
homology with those of adrenal P450( 11S) from mammals 
and frog (Table 1). 
To confirm that the protein encoded by pE1 lh has 
P450( 11 p) activity we assayed enzymatic activity by expressing 
the recombinant expression vector pSVL-El lh in COS 1 cells. 
In this study, testosterone was used as a substrate to obtain 
detectable signals of 1 lb-hydroxytestosterone. TLC results in- 
dicated that most testosterone was converted to androstene- 
dione with only a little amount of testosterone remaining un- 
converted (data not shown). This may be caused by 
endogenous 17P-hydroxysteroid dehydrogenase activity in 
COS 1 cells [15]. No detectable band corresponded to 1 lp- 
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Table 1 
Identities of amino acids between Japanese eel P45O(llB) and those 
of other species 
Species Identity 
Frog (1 lp0) 48% 
Bovine (1 lp0) 43% 
Porcine (11 PO) 42% 
Ovine (11 p) 43% 
Human (1181) 42% 
Mouse (llpl) 38Y” 
Rat (1 lB1) 38% 
Human (1 lg2) 42% 
Mouse (llp2) 43% 
Rat (1182) 42% 
hydroxytestosterone. On the other hand, a band correspond- 
ing to 11 P-hydroxyandrostenedione was obvious in the experi- 
mental group, but virtually absent in the controls. These find- 
ings were also confirmed by two-dimensional TLC analysis 
(data not shown). The conversion percentage of 1 lp-hydroxy- 
androstenedione from androstenedione was deduced by their 
relative density on TLC plates. Conversion was obvious by 
pSVL-Ellh (20%), but not by the control vector pSVL 
(0.4%). These results, together with amino acid similarity to 
mammalian and frog P450(1 lp), indicate that the cDNA in- 
sert of pE1 lh encodes an eel testicular P450( 1 l/3). 
Northern blotting of testis total RNA from Japanese eel 
with or without hCG treatment detected a band of about 
1.8 kb and the hCG-induced expression of the P450( 1 lp) 
gene. The size of the 1.8 kb mRNA species is in good agree- 
ment with that of the eel P450( 11 p) cDNA clone. As shown in 
Fig. 2, there was no apparent hybridized signal of P450( 1 lp) 
in testis total RNA from eels without hCG treatment. The 
results were the same even when 50 pg total RNA was applied 
(data not shown). The P450(1 l/3) message was detected in the 
testes of eels on days l-9, but at various expression levels. The 
signal was intense on days 1 and 3. On days 6 and 9, the 
signal decreased greatly. The expression level of P450(1 lp) 
on days 1 and 3 demonstrated that hCG injection induces 
P450(1 lp) expression in eel testis. The time course of this 
expression was consistent with that of Leydig cell activation 
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(as early as day 1 after the hCG injection) and the increased 
production of 1 I-ketotestosterone (l-3 days after injection) in 
hCG-treated eels [ 11. The decrease in the P450( 11 p) transcripts 
on days 6 and 9 may be due to feedback from increased serum 
levels of 11-ketotestosterone. The repression effect of andro- 
gen on expression of steroidogenic enzymes has been reported 
in mammals [16]. 
In summary, this paper reports the first isolation and char- 
acterization of a cDNA encoding a testicular P45O(llp). The 
eel testicular P45O(llp) amino acid sequence shares 3848% 
homology with that from mammalian and frog adrenal 
glands. Northern blotting suggested that hCG induces the 
synthesis of P450(11 p) by increasing the content of translata- 
ble mRNA. The eel testis should continue to be a valuable 
model with which to gain a better understanding of not only 
the hormonal regulation of spermatogenesis but also the hor- 
monal regulation of P450(1 lp) gene expression in vertebrates. 
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Fig. 2. Northern blots of P45O(llp) expression in Japanese eel testis. 
0: before hCG injection. l-9: l-9 days after a single injection of 
hCG. 
